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Abstract
Background: This study examined associations between alcohol outlet access and alcohol intake, depressive symptoms
score and risk of depression among women residing in disadvantaged neighbourhoods in Victoria, Australia.
Methods: Data on depressive symptoms, alcohol intake and socio-demographic characteristics were obtained from a
sample of 995 adult women from Victoria, Australia who were surveyed as part of the Resilience in Eating and Activity
Despite Inequality (READI) study. The location of all licensed alcohol outlets in Victoria was obtained from the Victorian
Commission for Gambling and Liquor Regulation. Participant and alcohol outlet addresses were geocoded to calculate
individual alcohol outlet access, defined as the number of outlets (all and by sub-type) within 0.4 km and 3 km of
participants’ homes. Separate regression models with clustered standard errors were fitted to examine associations
between access and alcohol intake according to national recommended limits for short- and long-term harm,
frequency of consumption above long-term harm guidelines, depressive symptoms score and risk of depression.
Results: Odds of consumption within short-term harm guidelines (≤4 drinks on any day) decreased with increasing access
within 3 km, irrespective of outlet type. Typically, there was no evidence to support associations between access and
consumption above long-term harm guidelines (>2 drinks on any day) unless considering frequency of consumption at
this level where results showed decreased odds of ‘don’t drink’ versus frequently drinking above long-term harm guidelines
(i.e., >2 drinks at least once per week) with increasing access at either distance. Although there was no evidence of an
association between any of the alcohol outlet access measures and depressive symptoms score, odds of being at risk of
depression decreased with increasing access within 3 km.
Conclusions: This study found some evidence to support an association between increasing alcohol outlet densities of all
types and harmful levels of alcohol consumption, and the association appears to be dependent on the distance threshold
considered, among women residing in socioeconomically disadvantaged neighbourhoods within Victoria, Australia.
However, higher numbers of alcohol outlets appear to be associated with a slightly lower risk of depression, with further
research needed to identify the direction and mechanisms underlying this unintuitive association.
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Background
High levels of alcohol consumption are associated with a
number of adverse health outcomes including cardiovas-
cular disease, liver cirrhosis, certain cancers, and mental
health issues such as depression [1]. Almost one fifth of
Australians consume more than two standard drinks on
any day, exceeding lifetime risk guidelines [2], while a
tenth of Australian women report exceeding these guide-
lines [3]. Alcohol consumption and depression are
linked, with increased alcohol consumption associated
with higher levels of depression, although this relation-
ship is complex and bi-directional [4]. Depression is an
increasingly prevalent mental illness [5] which can
severely impact physical and psychosocial health [6, 7].
Projections suggest this is likely to be the second leading
cause of disease burden worldwide by 2030 [8]. Import-
antly, research has shown that women and those experi-
encing socioeconomic disadvantage (at the individual- or
area-level) are at an increased risk of depression [9–11].
In Australia, the prevalence of depression in the popula-
tion is estimated to be around 10%, with more women
than men affected [12].
There has been growing interest in the effect of alcohol
access on alcohol consumption with evidence mostly
suggestive of a positive association [13, 14]. However, a
recent review highlighted inconsistencies in the evidence
linking alcohol outlet access around the home to alcohol
use [15]. That review recommended that future studies
consider fine-grained measures of alcohol outlet access ra-
ther than simply total numbers of outlets. For example, it
was suggested to test sub-categories of alcohol outlets
separately (e.g., premises which allow alcohol consump-
tion on-site; outlets which sell packaged alcohol to be con-
sumed elsewhere) and to also test potential non-linear
associations between outlet access and outcomes [15].
Prior work demonstrates that various aspects of the
neighbourhood built environment, such as access to healthy
food stores, health services, and parks, are associated with
mental health outcomes such as depressive symptoms, with
results suggesting a protective effect of access to these ser-
vices [16, 17]. Although there is potential for access to
alcohol to also impact health conditions such as depressive
symptoms, this has been less studied. Greater alcohol avail-
ability could plausibly be linked with poorer mental health
of residents via several pathways, including increasing the
likelihood of excessive consumption or through social prob-
lems associated with living in an area characterised by high
alcohol consumption of others. To our knowledge, only
one study in Australia has explicitly considered associations
between alcohol outlet access and depression, finding some
evidence of an association, although this attenuated after
confounder adjustment [18].
To better understand the role of alcohol outlet access on
both alcohol consumption and mental health, this study
utilised fine-grained alcohol outlet access measures to bet-
ter understand associations between access and these two
outcomes. By considering women living in disadvantaged
neighbourhoods, this study targets a group at high risk of
poor mental health.
Methods
Individual data were obtained from the Resilience in
Eating and Activity Despite Inequality (READI) cohort
study which sampled women residing in disadvantaged
urban and rural suburbs of Victoria, Australia in 2007/
08. Full details of the recruitment and retention to Wave
II are provided elsewhere [19], with sample sizes noted
below. The same follow-up procedure was used in Wave
III. In brief, suburbs were defined as urban or rural using
a classification of cities, fringe and rural areas consistent
with the Australian Regional Infrastructure Development
Fund Act. Within the urban (metropolitan Melbourne,
rural cities, all areas within 10 km radius of these cities,
areas within a 10 km radius of other Victorian cities with a
population of 20,000) and rural (outside metropolitan
Melbourne and outside 25 km radius of rural cities) strata,
suburbs were classified according to the 2001 Australian
Bureau of Statistics Index of Relative Socioeconomic Disad-
vantage (IRSD). Forty suburbs from the bottom third of the
IRSD classification were randomly sampled from within the
urban and rural strata. One hundred and fifty women aged
between 18 and 45 years within each of the 80 suburbs were
randomly identified from the Australian electoral roll
(it is compulsory for Australian citizens to register in
the electoral roll).
Participants responded to mail-out questionnaires in-
cluding measures of health behaviours, including alcohol
intake and depressive symptoms, and sociodemographic
characteristics at three waves. At Wave I, 4349 women
(39% of those delivered a survey) completed the question-
naire. Participants who consented to follow-up and who
remained eligible (i.e., continued to reside in a READI
suburb) were contacted in 2010/11 to complete Wave II
surveys with surveys completed by 1912 eligible partici-
pants. A third wave of survey data was collected in 2013/
14. Of 4349 women who participated in Wave I, 1560
(36%) remained at Wave III. This study only used Wave
III data to ensure a temporal match between the survey
data and alcohol outlet data. Three women declined to
participate further after the Wave III survey and were not
contacted about this study.
Of 1557 women contacted, 1240 (80%) were included
after omitting those who declined to have their address
mapped (n = 7), who no longer lived in a READI sub-
urb (n = 129), or did not supply a valid street address
(n = 181). Given recommendations to avoid consuming
alcohol during pregnancy, only women who were not
pregnant at Wave III (n = 1188) were considered. In
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addition, individuals who had missing outcome data
were excluded (alcohol consumption: n = 4; depressive
symptoms: n = 9). The analysis was restricted to par-
ticipants who had remained at the same address at all
waves (n = 995). Sensitivity analyses examined partici-
pants who had moved house between Wave I and
Wave III but remained in READI suburbs (n = 1175).
Deakin University Human Research Ethics Committee
granted ethics approval.
Outcome measures
i) Alcohol intake
Participants were asked: “Over the last 12 months, on
days when you were drinking alcohol, about how many
glasses of beer, wine and/or spirits altogether did you
usually drink?” (categories: don’t drink alcohol/1/2/3/4/
5/6/7/8/9/10+ glasses per day) and “Over the last
12 months, on average how often did you drink beer,
wine and/or spirits?” (categories: <once per month/1–3
days per month/1 day per week/2 days per week/3 days
per week/4 days per week/5 days per week/6 days per
week/every day). According to Australian National
Health and Medical Research Council guidelines for
reducing health risks, women should consume no more
than four standard alcoholic drinks on a single occasion
to reduce alcohol-related injury risk and no more than
two alcoholic drinks on any day to reduce risk of harm
from future alcohol-related disease [20]. Therefore, two
outcomes linked to these guidelines were considered: 1)
‘short-term harm’ categorised as: don’t drink; ≤4 glasses
per drinking occasion; >4 glasses per drinking occasion
and 2) ‘long-term harm’ categorised as don’t drink; ≤2
glasses per drinking occasion; >2 glasses per drinking
occasion. To incorporate frequency, we considered a
third outcome which combined the two alcohol con-
sumption questions: don’t drink; drink quantities within
long-term harm guidelines less than once per week
(termed ‘infrequent drinker within guidelines’); drink quan-
tities above long-term harm guidelines less than once per
week (termed ‘infrequent drinker above guidelines’); drink
quantities within long-term harm guidelines at least once
per week (termed ‘frequent drinker within guidelines’);
drink quantities above long-term harm guidelines at least
once per week (termed ‘frequent drinker above guidelines’).
ii) Depressive symptoms
Depressive symptoms were assessed using the 10-item
version of the Center for Epidemiologic Studies Depres-
sion Scale (CESD-10), a widely used and validated meas-
ure of depression risk [21, 22]. The CESD-10 includes
statements relating to depressive symptoms experienced
in the past week (e.g., “I was bothered by things that
don’t usually bother me”; “I felt that everything I did was
an effort”) and participants rated themselves using a 4-
point ordinal scale ranging from rarely or none of the
time (<1 day), to most/all of the time (5–7 days). Ordinal
responses were given a score (from 0 to 3) and scores
for the 10 items were summed and analysed as both a
continuous variable, with higher scores indicating in-
creased risk of depression, and a binary variable where a
CESD-10 score ≥10 indicated being classified as ‘at risk’
of depression [22].
Exposure measures
Alcohol outlet access
Data on geocoded locations of all premises licensed to sell
alcohol were obtained from the Victorian Commission for
Gambling and Liquor Regulation (VCGLR) in September
2014 to coincide with the timing of READI Wave III data
collection [23]. The VCGLR approve all licenses for prem-
ises supplying alcohol for purchase in Victoria and the web-
site is routinely updated with new licenses. Five categories
of alcohol outlets were considered: 1) off-site; 2) on-site; 3)
on-site excluding those with late night licenses; 4) on-site
with late night licenses; 5) all outlets. On-site excluding
those with late night licenses and on-site with late night
licenses were subsets of on-site licenses. On-site outlets in-
cluded outlets with an on-premise or general license from
the VCGLR, such as pubs and wine/cocktail bars. Late
night licenses permitted consumption beyond 1 am. Off-
site premises included outlets granted a packaged liquor li-
cense by the VCGLR, allowing the supply of liquor in sealed
containers for consumption off-site, such as independent
and chain bottle shops, licensed supermarkets, and delica-
tessens. Given the potential for increased risk associated
with some license types, these were considered both com-
bined and independently in analysis.
Outlet addresses were mapped using ArcGIS v10.2
[24]. The full home addresses of READI participants
were geocoded to enable access measures to be derived.
For each of the alcohol outlet groups, the number of
outlets accessible within 0.4 kilometre (km) and 3 km
road network distances of each home address were cal-
culated. Various distances have been used by studies
examining access to alcohol outlets and health [13, 15]
and the definition of what constitutes an accessible dis-
tance is unclear. These two distances were selected since
having a large number of outlets within a short distance
of home may create an anti-social environment and thus
have an effect on the mental health of residents. A larger
exposure distance of 3 km may be more appropriate
when considering distances travelled to access packaged
alcohol. As a 1 km distance threshold has been used else-
where [25, 26], this was considered in sensitivity analyses.
Potential confounders
Based on previous literature, participant age, marital sta-
tus (never married/married or committed relationship/
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separated, divorced or widowed), children in the house-
hold (no/yes), education (did not complete high school/
completed high school, trade certificate, or diploma/
completed tertiary education), employment status (not
employed/employed part-time/employed full-time) and
weekly household income (<$500/$500–< $700/$700–
< $1000/$1000–< $1500/≥$1500) were considered as po-
tential individual-level confounders of associations be-
tween alcohol outlet access and alcohol intake, as well as
between alcohol outlet access and depressive symptoms
score and depression risk. Urban/rural location was in-
cluded as a potential area-level confounder. As discussed
by Fleischer and Diez Roux [27], variables such as
household income and education are not assumed to
cause access to neighbourhood exposures, such as alco-
hol outlets, but are considered to be potential determi-
nants of the probability of living in areas with certain
built environment attributes, such as higher levels of al-
cohol access.
Statistical analysis
Separate multinomial models were fitted to examine
associations between each alcohol outlet access variable
and each alcohol intake measure. Robust clustered
standard errors were used to take into account the clus-
tered sampling design as participants were sampled from
within suburbs. Fractional polynomials were considered
[28], some with a zero spike, for the alcohol outlet
exposure variables to deal with potential non-linearities
in associations with alcohol intake. A zero spike was
considered as many participants had no outlets access-
ible within 0.4 km. The coefficient for the zero spike
represents the difference in the expected value of the
outcome between those who were unexposed at this dis-
tance threshold and those with at least one outlet
present, while the coefficient for the continuous term re-
lates only to increasing values for those who had at least
one outlet present. By using the zero spike, we were able
to simultaneously model both the continuous distribu-
tion and the excess zeros.
Linear regression models were fitted to examine asso-
ciations between alcohol outlet access and continuous
depressive symptoms score, using robust standard
errors as above. Again, fractional polynomials were
used. As depressive symptoms score followed a skewed
distribution, a square-root transformation was adopted
for this outcome. Logistic regression models were fitted
to examine associations between alcohol outlet access
and the dichotomised classification ‘at risk’ of depres-
sion. All models adjusted for education, employment
status household income and urban/rural classification;
confounders identified in the literature.
Under the assumption that the missing covariate data
were Missing At Random (MAR), we conducted
multiple imputation using chained equations (20 impu-
tations) to deal with missing confounder data. The pro-
portion of missing data for each variable is presented in
Table 1. In total, 781 (78.5%) participants had complete
data for the variables considered. Our imputation
model included the outcome variables and all potential
confounders described previously, in addition to auxil-
iary variables (household income, education and em-
ployment at Wave I and II; personal income Wave I, II
and III).
All analyses were conducted using Stata version 12.0.
Results
READI participants were aged between 23 and 54 years
at Wave III (Table 1). While 33.4% (n = 332) women had
tertiary education at Wave III, 21% (n = 209) reported
having less than high school level education. At this
wave, 29% (n = 291) of women surveyed reported con-
suming quantities above the risk of long-term harm on a
usual drinking occasion in the past 12 months, with 13%
(n = 130) reporting consumption of quantities above the
risk of short-term harm. Approximately 12% of partici-
pants reported that they frequently consumed quantities
of alcohol above the long-term harm guidelines.
Almost 85% of participants had no alcohol outlets
within a 0.4 km network distance of home, while only
5% of participants had no outlets within 3 km.
i) Alcohol outlet access and alcohol intake
Results from multinomial regression models examining
associations between alcohol outlet access and alcohol
intake (short-term harm and long-term harm guidelines)
are presented in Table 2. Using fractional polynomials, a
linear association between alcohol outlet access and al-
cohol intake was found to provide the best fit to the
data. In general, there was no evidence of an association
between access to alcohol outlets within 0.4 km and
either alcohol intake outcome.
Considering the 3 km network distance, few outlet ac-
cess variables were found to be associated with long-
term harm consumption (Table 2). However, we did find
some support for an association between the number of
off-site alcohol outlets and this outcome. The odds of
reporting ‘don’t drink’ compared to consumption above
long-term harm guidelines decreased with increasing
numbers of off-site outlets, although the reduction in
odds were very small (e.g., ORs of 0.996 to 0.999).
We found evidence of associations between the number
of alcohol outlets accessible within 3 km from home and
short-term harm consumption. Although effects were small,
the odds of reporting typical consumption within short-
term harm guidelines compared to consumption above
these guidelines decreased with increasing numbers of all
outlets, as well as increasing numbers of on-site, on-site
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Table 1 Descriptive characteristics of the READI participants at
Wave III (N = 995)
Alcohol consumption
Consume within short-term harm guidelines, n (%)
Don’t drink 248 (24.9%)
Yes (≤4 glasses/drinking occasion) 617 (62.0%)
No (>4 glasses/drinking occasion) 130 (13.1%)
Consume within long-term harm guidelines, n (%)
Don’t drink 248 (24.9%)
Yes (≤2 glasses/drinking occasion) 456 (45.8%)
No (>2 glasses/drinking occasion) 291 (29.2%)
Frequency of long-term harm consumptiona, n (%)
Don’t drink 248 (24.9%)
Infrequent drinker within guidelines (≤2 glasses/
drinking occasion less than once/week)
240 (24.1%)
Infrequent drinker above guidelines (>2 glasses/
drinking occasion less than once/week)
79 (7.9%)
Frequent drinker within guidelines ≤2 glasses/
drinking occasion more than once/week)
216 (21.7%)
Frequent drinker above guidelines >2 glasses/
drinking occasion more than once/week)
121 (12.2%)
Missing 91 (9.2%)
Depressive symptoms
CESD-10 score
Median (IQRb) 7 (3–11)
Minimum-Maximum 0–30
At risk of depression, n (%)
No 667 (67.0%)
Yes 328 (33.0%)
Alcohol outlet access
Number of outlets within 0.4 km
Median (IQR) 0 (0–0)
Minimum-Maximum 0–38
Number of outlets within 3 km
Median (IQR) 10 (5–17)
Minimum-Maximum 0–822
Number of off-site outlets within 0.4 km
Median (IQR) 0 (0–0)
Minimum-Maximum 0–4
Number of off-site outlets within 3 km
Median (IQR) 5 (1–9)
Minimum-Maximum 0–90
Number of on-site outlets within 0.4 km
Median (IQR) 0 (0–0)
Minimum-Maximum 0–45
Number of on-site outlets within 3 km
Median (IQR) 5 (2.5–9)
Minimum-Maximum 0–740
Table 1 Descriptive characteristics of the READI participants at
Wave III (N = 995) (Continued)
Number of on-site (excl. late night) outlets within 0.4 km
Median (IQR) 0 (0–0)
Minimum-Maximum 0–19
Number of on-site (excl. late night) outlets within 3 km
Median (IQR) 4 (2–8.5)
Minimum-Maximum 0–474
Number of late night on-site outlets within 0.4kmc
Median (IQR) 0 (0–0)
Minimum-Maximum 0–18
Number of late night on-site outlets within 3 km
Median (IQR) 1 (0–2)
Minimum-Maximum 0–266
Other characteristics
Age (years)
Mean (SD) 42.2 (7.1)
Minimum-Maximum 23.3–54.4
Relationship status, n (%)
Married/de-facto 741 (74.5%)
Never married 157 (15.8%)
Separated/divorced/widowed 90 (9.0%)
Missing 7 (0.7%)
Children in household, n (%)
No 338 (34.0%)
Yes 656 (65.9%)
Missing 1 (0.1%)
Education, n (%)
Less than high school 209 (21.0%)
High school/trade certificate/diploma 450 (45.2%)
Tertiary 332 (33.4%)
Missing 4 (0.4%)
Employment, n (%)
Full-time 388 (39.0%)
Part-time 376 (37.8%)
Not in employment 217 (21.8%)
Missing 14 (1.4%)
Household income (per week), n (%)
< $500 55 (5.5%)
$500 to < $700 71 (7.1%)
$700 to < $1000 141 (14.2%)
$1000 to < $1500 199 (20.0%)
≥ $1500 322 (32.4%)
Missing 207 (20.8%)
Location, n (%)
Urban 451 (45.3%)
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excluding late night and late night on-site outlets. The odds
of reporting ‘don’t drink’ compared to above short-term
harm guidelines decreased with increasing numbers of off-
site and late night on-site alcohol outlets within 3 km.
Considering the frequency of long-term harm consump-
tion (Table 3), there was some evidence of an association
between alcohol outlet access within 0.4 km and alcohol
consumption. In particular, results showed lower odds of
reporting ‘don’t drink’, infrequent drinker within long-term
harm guidelines and frequent drinker within long-term
harm guidelines compared to frequent drinker above guide-
lines with increasing numbers of all outlets within 0.4 km.
Results consistently showed evidence of reduced odds of
reporting ‘don’t drink’ compared to reporting frequent
Table 1 Descriptive characteristics of the READI participants at
Wave III (N = 995) (Continued)
Rural 544 (54.7%)
Note: Nine participants had more than 10 outlets (between 17 and 38)
accessible within 0.4 km of home. Seventeen participants (including these
nine) had more than 200 outlets (between 203 and 822) within 3 km of home.
These participants were all located within suburbs located within close
proximity to Melbourne Central Business District
aOnly 904 participants provided both frequency and typical amount consumed
bIQR = inter-quartile range
cWithin rural suburbs, only 3 individuals had a late-night licensed outlet within
0.4 km of home
Table 2 Associations between alcohol outlet access and usual alcohol intake on a single occasion from multinomial regression (N = 995)
SHORT-TERM HARM LONG-TERM HARM
Don’t drink vs.
Above guidelines
Within guidelines vs.
Above guidelines
Don’t drink vs.
Above guidelines
Within guidelines vs.
Above guidelines
Alcohol outlet exposurea ORb (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
All outlets
Number within 0.4 km
Zero spike 0.93 (0.53, 1.62) 0.87 (0.56, 1.35) 0.93 (0.47, 1.82) 0.90 (0.52, 1.55)
Greater than zeroc 0.98 (0.95, 1.01) 1.00 (0.97, 1.04) 0.96 (0.92, 1.00)* 0.98 (0.94, 1.02)
Number within 3 km 0.996 (0.990, 1.002) 1.000 (0.999, 1.000) 0.995 (0.989, 1.001) 0.999 (0.998, 1.000)**
Off-site outlets
Number within 0.4 km
Zero spike 0.73 (0.40, 1.33) 0.67 (0.40, 1.13) 0.87 (0.42, 1.80) 0.90 (0.47, 1.75)
Greater than zero 0.80 (0.49, 1.30) 0.70 (0.40, 1.24) 0.74 (0.41, 1.34) 0.69 (0.38, 1.26)
Number within 3 km 0.974 (0.953, 0.997)* 1.004 (0.991, 1.016) 0.962 (0.939, 0.986)** 0.988 (0.976, 1.001)
On-site outlets
Number within 0.4 km
Zero spike 1.22 (0.72, 2.07) 1.08 (0.67, 1.74) 1.32 (0.74, 2.38) 1.17 (0.72, 1.91)
Greater than zero 0.97 (0.93, 1.01) 1.00 (0.98, 1.03) 0.96 (0.91, 1.01) 0.99 (0.95, 1.02)
Number within 3 km 0.996 (0.989, 1.002) 0.999 (0.998, 1.000) 0.995 (0.988, 1.001) 0.998 (0.997, 0.999)**
On-site (excl. late night) outlets
Number within 0.4 km
Zero spike 1.57 (0.70, 3.53) 1.08 (0.62, 1.88) 1.45 (0.54, 3.94) 0.96 (0.48, 1.91)
Greater than zero 1.00 (0.92, 1.08) 1.03 (0.97, 1.09) 0.95 (0.86, 1.04) 0.96 (0.88, 1.05)
Number within 3 km 0.993 (0.982, 1.004) 0.999 (0.997, 1.001) 0.991 (0.980, 1.002) 0.997 (0.996, 0.999)**
Late night on-site outletsd
Number within 3 km
Zero spike 0.993 (0.686, 1.436) 0.914 (0.658, 1.268) 1.182 (0.761, 1.836) 1.157 (0.768, 1.742)
Greater than zero 0.991 (0.981, 1.001) 0.998 (0.996, 1.001) 0.988 (0.978, 0.998)* 0.996 (0.992, 0.999)**
*p < 0.05; **p < 0.01; ***p < 0.001. Models adjusted for education, employment, household income and urban/rural classification
aFractional polynomials identified linear relationship between continuous alcohol outlet access and alcohol intake as best fit to the data. Separate models were
fitted for each of the alcohol outlet access measures (i.e., number within 0.4 km and number within 3 km)
bOdds ratio and 95% confidence interval
cGreater than zero is the continuous predictor for all observations greater than zero
dToo few individuals had a late night on-site outlet within 0.4 km of home (n = 13). Only the number within 3 km was considered as an exposure
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consumption above guidelines with increasing numbers of
alcohol outlets of any of the types considered within 3 km.
ii) Alcohol outlet access and depressive symptoms
As with alcohol intake, a linear association was found to
provide the best fit using fractional polynomials. There
was no evidence of an association between alcohol outlet
access within either 0.4 km or 3 km network distance
from home and CESD-10 scores (Table 4). However,
there was some evidence of associations between each
alcohol outlet access measure within 3 km and the odds
of being classified as at risk of depression (i.e., CESD-10
scores ≥ 10). Increasing numbers of outlets within 3 km
were consistently found to be associated with reduced
odds of being at risk of depression. However, effect sizes
were generally small, e.g., estimated odds ratio of 0.998
(95% CI: 0.997, 1.000; p = 0.01) for the effect of the num-
ber of all outlets within 3 km, suggesting the odds of
being at risk of depression decreased by 0.2% with every
additional license within 3 km.
iii) Sensitivity analyses
There was some evidence of associations between alco-
hol outlet access measures at the 1 km distance thresh-
old and alcohol intake consistent with those identified at
3 km (data not shown). The odds of consuming above
Table 3 Associations between alcohol outlet access and frequency of alcohol intake above recommended guidelines from multinomial
regression (N = 904)
Don’t drink vs.
Frequent drinker
above guidelines
Infrequent drinker
within guidelines vs.
Frequent drinker
above guidelines
Frequent drinker
within guidelines vs.
Frequent drinker
above guidelines
Infrequent drinker
above guidelines vs.
Frequent drinker
above guidelines
Alcohol outlet exposurea ORb (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
All outlets
Number within 0.4 km
Zero spike 0.795 (0.386, 1.637) 0.728 (0.376, 1.410) 0.730 (0.362, 1.472) 0.616 (0.278, 1.362)
Greater than zeroc 0.939 (0.914, 0.966)*** 0.960 (0.923, 0.999)* 0.965 (0.940, 0.990)** 0.928 (0.847, 1.017)
Number within 3 km 0.995 (0.991, 0.999)* 0.998 (0.997, 0.999)*** 0.999 (0.998, 1.000)* 0.998 (0.995, 1.001)
Off-site outlets
Number within 0.4 km
Zero spike 0.672 (0.278, 1.620) 0.574 (0.239, 1.380) 0.612 (0.241, 1.558) 0.661 (0.197, 2.214)
Greater than zero 0.841 (0.455, 1.553) 0.131 (0.034, 0.506)** 1.065 (0.615, 1.844) 1.121 (0.486, 2.586)
Number within 3 km 0.964 (0.945, 0.983)*** 0.989 (0.971, 1.006) 0.996 (0.979, 1.014) 0.981 (0.948, 1.015)
On-site outlets
Number within 0.4 km
Zero spike 1.191 (0.632, 2.246) 1.056 (0.547, 2.038) 1.031 (0.537, 1.981) 0.795 (0.391, 1.617)
Greater than zero 0.941 (0.903, 0.980)** 0.972 (0.947, 0.999)* 0.973 (0.947, 1.000)* 0.941 (0.884, 1.001)
Number within 3 km 0.995 (0.991, 0.999)* 0.998 (0.997, 0.999)*** 0.999 (0.998, 1.000)** 0.998 (0.995, 1.001)
On-site (excl. late night) outlets
Number within 0.4 km
Zero spike 1.331 (0.457, 3.878) 0.871 (0.392, 1.935) 0.964 (0.368, 2.526) 0.610 (0.233, 1.594)
Greater than zero 0.911 (0.834, 0.994)* 0.928 (0.854, 1.008) 0.949 (0.886, 1.017) 0.832 (0.691, 1.003)
Number within 3 km 0.992 (0.985, 0.999)* 0.997 (0.995, 0.998)*** 0.998 (0.996, 1.000)* 0.997 (0.993, 1.002)
Late night on-site outletsd
Number within 3 km
Zero spike 0.882 (0.528, 1.475) 0.719 (0.415, 1.247) 0.927 (0.588, 1.461) 0.488 (0.289, 0.827)**
Greater than zero 0.987 (0.980, 0.994)*** 0.993 (0.990, 0.996)*** 0.995 (0.993, 0.998)*** 0.991 (0.982, 1.000)
*p < 0.05; **p < 0.01; ***p < 0.001. Models adjusted for education, employment, household income and urban/rural classification
aSeparate models were fitted for each of the alcohol outlet access measures (i.e., number within 0.4 km and number within 3 km)
bOdds ratio and 95% confidence interval
cGreater than zero is the continuous predictor for all observations greater than zero
dToo few individuals had a late night on-site outlet within 0.4 km of home (n = 13). Only the number within 3 km was considered as an exposure
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short-term harm guidelines compared to within short-
term harm guidelines increased with increasing numbers
of all, on-site, on-site excluding late night and late night
on-site outlets. Consistent with the 3 km distance ana-
lysis, we found evidence of reduced odds of reporting
‘don’t drink’ compared to frequently drink above long-
term harm guidelines with increasing numbers of outlets
for most alcohol outlet types. However, this association
was not observed for off-site outlets at this threshold. In
general, we found no evidence of an association between
access to alcohol outlets within 1 km and either depres-
sive symptoms outcome. Although, increasing numbers
of packaged alcohol outlets within 1 km was found to be
associated with reduced odds of being at risk of depres-
sion, consistent with the 3 km threshold analysis.
Results were similar when considering a complete case
analysis (i.e., excluding participants missing data on any
of the covariates) and when including those who had
moved house during the READI study but remained in a
READI suburb to Wave III (data not shown).
Discussion
Numerous studies have considered associations between
access to alcohol outlets and alcohol intake, with some
providing evidence that increased access is linked to in-
creased intake [13], although the consistency of evidence
has been contested [15]. In our study of women residing
in socioeconomically disadvantaged areas of Victoria, we
generally found no evidence of an association between
alcohol outlet access and alcohol intake when consider-
ing a typical consumption threshold of more than two
alcoholic drinks. However, our results found associa-
tions, albeit small, when considering the four drink
threshold, in addition to the frequency of consuming
more than two alcoholic drinks. These results showed
the odds of consumption at short-term harm levels in-
creased with increasing numbers of outlets within 3 km.
Further, the odds of frequent consumption at long-term
harm levels increased with increasing numbers of outlets
within both 0.4 km and 3 km. However, typically effect
sizes were small. These associations are in agreement
with other Australian studies which found evidence of
an association between access and harmful alcohol con-
sumption [18, 25] but contrast with findings from a
study of women in the US which found no evidence of
an association between alcohol outlet density (either off-
site or on-site) and levels of alcohol intake [29], although
their sample was not directly comparable to ours (e.g., it
included only young females).
We found no evidence of an association between any
of the outlet access measures and CESD-10 score. How-
ever, increasing numbers of outlets within 3 km were
found to be associated with slightly reduced odds of
being classified as at risk of depression. Our results con-
trast those of a study conducted in Western Australia
which examined associations between alcohol outlet ac-
cess and mental health outcomes, including depression
[18], which found evidence of increased odds of hospital
contact for a mental health disorder with increased ac-
cess to alcohol outlets. Although both studies considered
associations between alcohol outlet access and mental
health outcomes in an Australian context, they are not
directly comparable for a number of reasons. Our study
was restricted to considering depressive symptoms
Table 4 Associations between alcohol outlet access and depressive
symptoms from linear and log-binomial regression models (N= 995)
√CESD-10 Scorea At risk of depressionb
(No/Yes)
Alcohol outlet exposurec β (95% CI) ORd (95% CI)
All outlets
Number within 0.4 km
Zero spike 0.098 (−0.108, 0.303) 1.341 (0.851, 2.114)
Greater than zeroe −0.003 (−0.013, 0.007) 0.972 (0.933, 1.013)
Number within 3 km −0.0001 (−0.0004, 0.0002) 0.998 (0.997, 1.000)*
Off-site outlets
Number within 0.4 km
Zero spike 0.165 (−0.077, 0.407) 1.20 (0.70, 2.05)
Greater than zero 0.119 (−0.059, 0.297) 0.73 (0.47, 1.15)
Number within 3 km −0.0006 (−0.0041, 0.0030) 0.982 (0.967, 0.997)*
On-site outlets
Number within 0.4 km
Zero spike −0.002 (−0.009, 0.005) 1.29 (0.87, 1.92)
Greater than zero −0.001 (−0.174, 0.172) 0.98 (0.96, 1.01)
Number within 3 km −0.0002 (−0.0007, 0.0003) 0.998 (0.997, 0.999)**
On-site (excl. late
night) outlets
Number within 0.4 km
Zero spike 0.105 (−0.143, 0.353) 1.64 (0.95, 2.86)
Greater than zero 0.003 (−0.017, 0.023) 0.99 (0.94, 1.05)
Number within 3 km −0.0003 (−0.0008, 0.0003) 0.997 (0.995, 0.999)**
Late night on-site
outletsf
Number within 3 km
Zero spike 0.0450 (−0.1105, 0.2005) 1.360 (1.000, 1.851)
Greater than zero −0.0002 (−0.0009, 0.0005) 0.996 (0.994, 0.998)**
*p < 0.05, **p < 0.01, ***p < 0.001. Models adjusted for education, employment,
household income and urban/rural classification
aSquare root transformation of CESD-10 to deal with skewed distribution
bCESD-10 score of 10 or more classed as ‘at risk’
cSeparate models were fitted for each of the alcohol outlet access measures
(i.e., number within 0.4 km and number within 3 km)
dOdds Ratio (OR) and 95% Confidence Interval (CI)
eGreater than zero is the continuous predictor for all observations greater
than zero
fFew participants had a late night on-site outlet within 0.4 km so only the
3 km distance was considered for this exposure
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according to the CESD-10 classification while Pereira et
al. considered both self-report of prior medical diagnosis
with anxiety, stress and depression analysed as a single
outcome showing negligible evidence of an association,
in addition to hospital admissions for these conditions
using International Classification of Diseases codes; our
study only considered women residing in
socioeconomically disadvantaged neighbourhoods in
Victoria while Pereira et al. included both men and
women from various neighbourhoods across Perth; our
study considered different categories of alcohol outlet
type while Pereira et al. considered only off-premise
alcohol outlets, although results from our analysis of
off-site alcohol outlets was not in agreement with their
findings. As we speculated that increased alcohol outlet
could be linked to poorer mental health outcomes, our
findings that increased access was associated with re-
duced odds of being at risk of depression appear
counter-intuitive. However, it may be that increased ac-
cess to alcohol outlets could be protective by providing
an opportunity for individuals in the neighbourhood to
connect socially. Alternatively, residents in areas with
higher numbers of alcohol outlets available may also
have access to other community resources which pro-
vide opportunities for interaction. Of course, it is im-
portant to bear in mind that these could be chance
findings as we did not adjust for multiple testing so the
results should be interpreted cautiously.
Limitations
Our study has various limitations. Participants who took
part in Wave III of the study were healthier than those
who participated at baseline, with a higher percentage
(21% compared to 13%) reporting drinking >4 drinks on
a typical drinking occasion at baseline and a higher per-
centage classified as being at risk of depression (36%
compared to 33%). Thus greater alcohol intake, and
being at risk of depression to a lesser extent, are under-
represented. Furthermore, a substantial number of par-
ticipants dropped out of the study between Wave I and
Wave III so these findings may not be generalisable to
the wider population of women living in socioeconomi-
cally disadvantaged areas in Victoria. As participants had
to reside in a READI suburb at each wave of the study,
it may be that our sample was depleted due to partici-
pants relocating outside of these suburbs. Therefore, we
restricted our analysis to those who had remained at the
same home address throughout the study period. A
further limitation is that all measures are based on self-
report questionnaires so responses may be subject to so-
cially desirable reporting. This study, like most others in
this area of research, was based on cross-sectional data
so it is not possible to determine the direction of associ-
ations. It may be that people who consume greater
quantities of alcohol choose to reside in neighbourhoods
with greater opportunities to purchase alcohol. This is
difficult to address when examining built environment
effects on health outcomes without long-ranging data.
Other limitations were that we only considered access
around each participant’s home address. It may be that fac-
tors such as exposure to outlets around the workplace are
more indicative of increased alcohol consumption, for ex-
ample. Furthermore, we were unable to verify the locations
of the alcohol outlets as recommended elsewhere [15]. In
this analysis, we have assumed that the liquor licence regis-
try provide up to date measures of those outlets present on
the ground. We also do not have information about where
alcohol consumption took place so it is difficult to isolate
the effect of the local neighbourhood environment. Further-
more, we only considered the number of alcohol outlets
when considering access to alcohol. It may be that other
factors, such as marketing, lower retail pricing, and longer
hours, are important to consider when examining alcohol
accessibility. Finally, it is important to acknowledge that the
causes of depression are increasingly recognised as being
multifactorial, with social, environmental, psychological and
biological contributors [30]. Therefore, any potential associ-
ations with built environment measures, such as alcohol
outlet access, are likely to be small in magnitude.
Conclusions
In conclusion, our study found some evidence to support
an association between increasing alcohol outlet densities of
all types and harmful levels of alcohol consumption, and
the association appears to be dependent on the distance
threshold considered, among women residing in socioeco-
nomically disadvantaged neighbourhoods within Victoria,
Australia. However, higher numbers of alcohol outlets ap-
pear to be associated with a lower risk of depression, with
further research needed to identify the direction and mech-
anisms underlying this association. If confirmed, findings
warrant consideration in community initiatives aimed at
reducing unhealthy alcohol consumption.
Abbreviations
CESD-10: 10-item Center for Epidemiologic Studies Depression Scale;
CI: Confidence interval; IRSD: Index of relative socioeconomic disadvantage;
km: Kilometre; MAR: Missing at random; READI: Resilience in Eating and
Activity Despite Inequality; SEP: Socioeconomic position; VCGLR: Victorian
Commission for Gambling and Liquor Regulation
Acknowledgements
The authors gratefully acknowledge the contributions of the Ralf-Dieter
Schroers for geocoding and deriving road network access measures, as well
as the READI project manager Dr Michelle Jackson, the field staff, and the
study participants.
Funding
The READI study was funded by an Australian National Health and Medical
Research Council Strategic Award (#374241). KEL was supported by a Deakin
University Alfred Deakin Postdoctoral Research Fellowship. EC was supported
by an ARC Future Fellowship (FT3; #140100085). KB was supported by a
National Health and Medical Research Council (NHMRC) Principal Research
Lamb et al. BMC Public Health  (2017) 17:83 Page 9 of 10
Fellowship, ID 1042442. The contents of this paper are the responsibility of
the authors and do not reflect the views of the NHMRC.
Availability of data and materials
The datasets analysed during the current study available from the
corresponding author on reasonable request.
Authors’ contributions
All authors contributed to the design of the study, the analysis plan and writing
the manuscript. KEL conducted the statistical analysis with support from LT and
EC and led the writing of the manuscript. MT and CM provided guidance on
depression measures and their interpretation. KB provided information about the
READI sample. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Deakin University Human Research Ethics Committee granted ethics
approval.
Author details
1Deakin University, Institute for Physical Activity and Nutrition, School of
Exercise and Nutrition Sciences, Geelong, VIC, Australia. 2Institute for Health
and Ageing, Australian Catholic University, Melbourne, Australia. 3The
University of Hong Kong, School of Public Health, Pokfulam Road, Hong
Kong, China.
Received: 13 July 2016 Accepted: 11 January 2017
References
1. World Health Organization. Global status report on alcohol and health.
Geneva: WHO Press; 2014.
2. Australian Government Australian Institute of Health and Welfare, Alcohol use
(NDSHS 2013 key findings). http://www.aihw.gov.au/alcohol-and-other-drugs/.
last Accessed 29 Sept 2016.
3. Australian Government Australian Institute of Health and Welfare: Australia’s health
2014. Australia’s Health Series no 14 Cat no AUS 178. Canberra: AIHW; 2014.
4. Boden JM, Fergusson DM. Alcohol and depression. Addiction. 2011;106(5):906–14.
5. Hidaka BH. Depression as a disease of modernity: explanations for
increasing prevalence. J Affect Disord. 2012;140(3):205–14.
6. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression,
chronic diseases, and decrements in health: results from the World Health
Surveys. Lancet. 2007;370(9590):851–8.
7. Hays RD, Wells KB, Sherbourne CD, Rogers W, Spritzer K. Functioning and
well-being outcomes of patients with depression compared with chronic
general medical illnesses. Arch Gen Psychiatry. 1995;52(1):11–9.
8. Mathers CD, Loncar D. Projections of global mortality and burden of disease
from 2002 to 2030. PLoS Med. 2006;3(11):e442.
9. Lorant V, Deliege D, Eaton W, Robert A, Philippot P, Ansseau M. Socioeconomic
inequalities in depression: a meta-analysis. Am J Epidemiol. 2003;157(2):98–112.
10. Wilhelm K, Mitchell P, Slade T, Brownhill S, Andrews G. Prevalence and
correlates of DSM-IV major depression in an Australian national survey. J
Affect Disord. 2003;75(2):155–62.
11. Kessler RC. Epidemiology of women and depression. J Affect Disord.
2003;74(1):5–13.
12. Australian Bureau of Statistics. Profiles of Health, Australia, 2011–13,
Publication number 4338.0. Canberra: Commonwealth of Australia; 2012.
13. Popova S, Giesbrecht N, Bekmuradov D, Patra J. Hours and days of sale and
density of alcohol outlets: impacts on alcohol consumption and damage: a
systematic review. Alcohol Alcohol. 2009;44(5):500–16.
14. Campbell CA, Hahn RA, Elder R, Brewer R, Chattopadhyay S, Fielding P,
Naimi TS, Toomey T, Lawrence B, Middleton MC, et al. The effectiveness of
limiting alcohol outlet density as a means of reducing excessive alcohol
consumption and alcohol-related harms. Am J Prev Med. 2009;37(6):556–69.
15. Gmel G, Holmes J, Studer J. Are alcohol outlet densities strongly associated
with alcohol-related outcomes? A critical review of recent evidence. Drug
Alcohol Rev. 2016;35(1):40–54.
16. Gariepy G, Thombs BD, Kestens Y, Kaufman JS, Blair A, Schmitz N. The
neighbourhood built environment and trajectories of depression symptom
episodes in adults: A latent class growth analysis. PLoS One. 2015;10(7):e0133603.
17. Gariepy G, Blair A, Kestens Y, Schmitz N. Neighbourhood characteristics and
10-year risk of depression in Canadian adults with and without a chronic
illness. Health Place. 2014;30:279–86.
18. Pereira G, Wood L, Foster S, Haggar F. Access to alcohol outlets, alcohol
consumption and mental health. PLoS One. 2013;8(1):e53461.
19. Ball K, Cleland V, Salmon J, Timperio AF, McNaughton S, Thornton L,
Campbell K, Jackson M, Baur LA, Mishra G, et al. Cohort profile: the
resilience for eating and activity despite inequality (READI) study. Int J
Epidemiol. 2013;42(6):1629–39.
20. Australian Government Department of Health. Reduce your risk: new national
guidelines for alcohol consumption. http://www.alcohol.gov.au/internet/
alcohol/publishing.nsf/Content/guide-adult. last Accessed 29 Sept 2016.
21. Radloff LS. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Measur. 1977;1(3):385–401.
22. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression
in well older adults: evaluation of a short form of the CES-D (Center for
Epidemiologic Studies Depression Scale). Am J Prev Med. 1994;10(2):77–84.
23. Vicorian Commision for Gambling and Liquor Regulation. Liquor data.
http://www.vcglr.vic.gov.au/home/resources/. last Accessed 29 Sept 2016.
24. ESRI. Environmental Systems Research Institute. Redlands: ArcGIS Desktop:
Release 10; 2011.
25. Kavanagh AM, Kelly MT, Krnjacki L, Thornton L, Jolley D, Subramanian SV,
Turrell G, Bentley RJ. Access to alcohol outlets and harmful alcohol
consumption: a multi-level study in Melbourne, Australia. Addiction.
2011;106(10):1772–9.
26. Halonen JI, Kivimaki M, Virtanen M, Pentti J, Subramanian SV, Kawachi I,
Vahtera J. Proximity of off-premise alcohol outlets and heavy alcohol
consumption: a cohort study. Drug Alcohol Depend. 2013;132(1–2):295–300.
27. Fleischer NL, Diez Roux AV. Using directed acyclic graphs to guide analyses
of neighbourhood health effects: an introduction. J Epidemiol Community
Health. 2008;62(9):842–6.
28. Royston P, Sauerbrei W, Becher H. Modelling continuous exposures with a
‘spike’ at zero: a new procedure based on fractional polynomials. Stat Med.
2010;29(11):1219–27.
29. Waller MW, Iritani BJ, Christ SL, Clark HK, Moracco KE, Halpern CT, Flewelling
RL. Relationships among alcohol outlet density, alcohol use, and intimate
partner violence victimization among young women in the United States. J
Interpers Violence. 2012;27(10):2062–86.
30. Kinderman P, Schwannauer M, Pontin E, Tai S. Psychological processes
mediate the impact of familial risk, social circumstances and life events on
mental health. PLoS One. 2013;8(10):e76564.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Lamb et al. BMC Public Health  (2017) 17:83 Page 10 of 10
Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.
